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Collecting operational information on closed system 
field of the invention 

[0001] The Invention relates to closed systems and especially to 
collecting operational information on a closed system. 

BACKGROUND OF THE INVENTION 

[0002] Customers are continuously demanding better usability of 
and more applications for electronic devices, such as mobile stations. Today, a 
mobile station is no longer used for calling only, but is it also used for many 
other purposes, such as calendar, game machine, Internet browser and cam- 
era. The number of such mobile applications has increased greatly along with 
the spreading and development of mobile stations, and new and more complex 
mobile applications are continuously being developed. 

[0003] As the number of applications for electronic devices, such as 
mobile applications, grows, a better than before performance is required of the 
electronic device, which results in a considerable increase in the use of re- 
sources and thus also in power consumption. It is thus possible that momen- 
tarily a high performance is required of an electronic device or, on the other 
hand, when the applications are in a passive state, the electronic device is idle. 
Thus, the performance of the electronic device does not always correspond to 
the actual performance requirement. 

[0004] It Is difficult for prior-art software-based methods for collect- 
ing operational system infomiation, such as clock pulses, and determining per- 
formance to follow the operation of a closed system, such as an ASIC circuit, 
and thus also the distribution of the operational capacity of the closed system, 
since the operation of the software in itself causes a bus load in the closed 
system. This is why the performance of an electronic device is generally de- 
termined from inside a closed system, which means that it is not possible to 
find out the locations of the actual creators of the problems. Other problems 
Include the slowness of the collecting methods and the fact that operational 
information can be collected and performance detemriined only very late in the 
design by analytical methods, and even then, the result is only an estimate of 
the actual operational Information and perfonnance. Inaccuracy in the determi- 
nation can cause operational problems in the terminal. In addition, it is not 
possible to determine the performance of a cache memory and the frequency 
of an entire closed system at all with the present methods. The complexity of 



the methods poses another problem, which in turn causes additional costs and 
an increase in the error risk. 

[0005] A solution known from US 5,164,969 measures and adjusts 
the performance of a RISC (Reduced Instruction Set Computer) system. The 
determination method in the publication is, however, based on calculating mini- 
mum and maximum numbers of continuous cycles in one RISC system event. 
A problem with the method Is that it calculates peak values and not the con- 
tinuous number of executions. 

BRIEF DESCRIPTION OF THE INVENTION 

[0006] It is thus an object of the invention to develop a method and 
an apparatus implementing the method in such a manner that the drawbacks 
of the above-mentioned problems can be reduced. The object of the invention 
is achieved by a method, system, apparatus and software that are character- 
ized by what is stated in the independent claims. Preferred embodiments of the 
invention are set forth in the dependent claims. 

[0007] The invention is based on the fact that at least one monitor- 
able component, such as a RAM or DMA component, of a closed system, such 
as an ASIC circuit, has an instrument connected functionally to it and arranged 
to collect operational information on the component being monitored, such as 
clock pulses arriving at the component or clock pulses that elapse during the 
execution of a function. The instrument is arranged to transmit the collected 
operational information to a data collector that is functionally connected to the 
instrument and comprises at least one register for storing the operational in- 
formation transmitted by the instrument. 

[0008] According to a preferred embodiment of the invention, the 
collecting system also comprises at least one analyzing module arranged to 
receive operational information on the monitored component transmitted from 
the data collector. The analyzing module is arranged to determine the per- 
formance and/or power consumption of the component on the basis of the op- 
erational information. This information obtained as a result of an analysis is 
herein called analysis information. 

[0009] According to a second preferred embodiment of the inven- 
tion, the collecting system also comprises a controlling module arranged to 
receive the analysis information transmitted by the analyzing module. The con- 
trolling module comprises a control algorithm implemented generally by soft- 



ware, by means of which the controlling nnodule adjusts the performance 
and/or power consumption of the closed system on the basis of the analysis 
information. 

[0010] The arrangement of the invention provides significant advan- 
tages. One advantage is that it is possible to apply the collecting method of 
operational information both to the design stage, whereby it is possible to di- 
rect design action as required, and to the finished end product at run time, 
whereby it js possible to adjust the performance as necessary and thus reduce 
the consumption of resources, which in turn permits a decrease in the operat- 
ing voltage of the end product, such as mobile station. Another advantage is 
that hardware implementation of the collecting system of the invention is mini- 
mal, since the system can at least partly be implemented by software. The sys- 
tem for collecting operational information makes It possible to optimize the per- 
formance of a closed system quickly and reliably, and consequently, the de- 
sign can be parameterized and the efficiency of the use of existing resources 
improved. Another advantage is that the software designer can easily detect 
the impact of his application on the performance of the closed system and thus 
detect if the resources allocated for software design are exceeded. 

BRIEF DESCRIPTION OF THE FIGURES 

[0011] The invention will now be described in greater detail by 
means of preferred embodiments and with reference to the attached drawings, 
in which 

Figure 1 shows a simplified microconriputer and its most essential 
components, 

Figure 2 shows a simplified structure of a processor, and 
Figure 3 is a block diagram of a collecting system of a preferred 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0012] Digital electronic devices, such as mobile stations, generally 
comprise several microcomputers. The most important components of a mi- 
crocomputer are typically a processor 1, memory 2, peripheral equipment 3 
and interface logic 4 as shown in Figure 1 . 

[0013] The processor 1 is the unit controlling the operation of the 
microcomputer and executes programs 5 stored in the memory 2, processes 
information in the memory 2, controls the operation of the peripheral equip- 



ment 3 for instance by processing the service requests of the peripheral 
equipment 3, such as interruptions, and distributes the resources of the micro- 
computer as necessary. The operation of the processor 1 is based on the fact 
that the processor 1 receives commands comprising bits. 

[0014] The task of the memory 2 is to store the programs controlling 
the operation of the processor 1 and any information that is stored for a longer 
period of time. The memory 2 also contains specific data structures of the 
processor 1 , such as the stack and interrupt vector. The memory 2 can roughly 
be divided into a read only memory (ROM), in which fixed programs, such as 
operating systems, are generally stored, and a random access memory (RAM) 
for read and write operations. 

[0015] The peripheral equipment 3 connects the microcomputer to 
the outer world 6, since it is capable of transferring data in and out of the mi- 
crocomputer. The processor 1 generally controls the operation of the periph- 
eral equipment 3, but the peripheral equipment 3 is also capable of communi- 
cating with the processor 1 . For instance, the processor 1 checks periodically 
whether the peripheral equipment 3 needs a service (polling) or the peripheral 
equipment 3 requests help from the processor 1 when necessary (interrupt). 

[0016] The task of the interface logic 4 is to connect the processor 

1, memory 2 and peripheral equipment 3 to each other typically by a bus logic. 
The bus logic can also connect the peripheral equipment 3 to the outside world 
6. The buses are made up of conductors, and they can be generally divided 
into a control bus that transmits controls to the components connected to the 
processor 1 , an address bus that indicates the memory address, in which data 
is to be stored, for instance, and a data bus in which the actual data is trans- 
mitted. 

[0017] The same reference numbers are used in both Figure 1 and 

2. Figure 2 shows the structure of the processor 1 in more detail. Before proc- 
essing data, the processor 1 generally transfers the data from the external 
memory 2 of the processor 1 to memory locations, i.e. registers, inside the 
processor 1. Intermediate results generated during data processing are also 
kept in the registers, since it speeds up the operation of the processor. Typical 
registers of the processors 1 include accumulators 7 and address registers 8. 
When the processor i needs to read data from a unit, the address of an inter- 
pretive program 9 is set in the address register 8 and transferred to an address 
bus 10. The interpretive program 9 gives a control signal 12 to a three-mode 



buffer 1 1 , as a result of which input signals 13 are transmitted to a data bus 14. 
During the next clock pulse, the input signals 13 are stored in the accumulator 
7. The processor 1 generally also has a program counter 15, the task of which 
is to indicate the address of the next instruction to be executed in the memory 
2, and an instruction register 16 that stores the instruction retrieved from the 
memory 2 so that a control unit 17 has time to interpret and execute a string of 
events consisting of control signals 1 8. 

[0018] In addition to control and adjustment tasks, a second impor- 
tant application area of microcomputers is mathematical calculations, for the 
execution of which the processor 1 has an arithmetic logic unit (ALU) 19. The 
processor generally also comprises flags that are flip-flops set to a logical one 
or zero as a result of different functions. Decision-making in a microcomputer 
depends on the settings of different flags. For instance, a Z flag 20 is set to 
one when the content of the accumulator is zero. When the content is unequal 
to zero, the Z flag 20 is reset to zero. 

[0019] An application-specific integrated circuit (ASIC) is a logic cir- 
cuit that may generally have as many as several millions of logic ports formed 
by transistors. A clock signal, which synchronizes the operation of the logics on 
the circuit, is typically input into ASIC. Independent logical entities can be de- 
signed into ASICs. Thus, this type of circuit can have excellent application- 
specific properties. ASICs are also fast, due to the short delays in the logic 
ports. The design of ASICs is time-consuming and relatively expensive, but the 
VHDL (very high-speed integrated-circuit hardware description language) lan- 
guage commonly used in designing them enables the use of the code in later 
products. Ready-made blocks that can be integrated to the circuit, i.e. IP (intel- 
lectual property blocks) blocks, such as DSP (digital signal processing) cores, 
processors, memory circuits and counters, are currently available for ASICs. 

[0020] ASIC and FPGA (field programmable gate array) circuits are 
examples of closed systems. A closed system refers herein to a data process- 
ing system that, after the manufacturing process, essentially comprises the 
required parts, but to which, even after manufacturing, parts can be added in 
such a manner that a new closed system is formed after adding the parts. 

[0021] In electronic devices, the operation of software requires per- 
formance of the closed system of the electronic device. At times, the need for 
performance is momentarily high and at times, the electronic device is idle. 
Thus, the requirements may vary significantly and the performance of the elec- 



6 

tronic device does not always correspond to the actual perfornnance require- 
ment. The prior-art methods for collecting operational information and deter- 
mining performance are inaccurate, complex and slow, and their use is gener- 
ally limited to monitoring only certain components of the closed system and to 
a certain design stage. 

[0022] According to a preferred embodiment of the present inven- 
tion, an interface is formed to the closed system for the software. Information 
on the operation of the ASIC circuit and on the distribution of the operational 
capacity during software functions is obtained through the interface. With this 
method, It is possible to find out, how the software loads the ASIC circuit and 
consequently to optimize for instance the consumption of resources by the 
software. As a result of this, it is easier to understand and illustrate the behav- 
ior or the ASIC circuit and consequently, it is also possible to analyze the im- 
pact of the changes made in the design of the ASIC circuit on the performance 
of the closed system more reliably and earlier than before. 

[0023] With reference to the simplified block diagram shown in Fig- 
ure 3, the following describes a collecting system according to a preferred em- 
bodiment of the invention, in which the closed system, in this case an ASIC 
circuit 31, of an electronic device, such as a mobile station, comprises not only 
a processor (micro controller unit MCU) 32, RAM memory 33, multi media card 
(MMC) 34, direct memory access (DMA) component 35 and an interface logic 
36, but also instruments (I) 37 functionally connected to the components 32, 
33. 34 and 35 to be monitored and a data collector (DC) 38 functionally con- 
nected to the instruments. 

[0024] In the collecting system, the instruments 37 are arranged to 
collect operational information on the monitored components 32, 33, 34 arid 
35, such as clock pulses arriving at the components and clock pulses that 
elapse during the execution of a function, such as read or write operation, and 
during waiting. The instruments 37 are arranged to transmit this operational 
information onward through corresponding measuring signals 39 to the data 
collector 38 functionally connected to the instruments and comprising at least 
one register (R) 40 in real time, for instance, or in such a manner that the in- 
strument 37 stores the operational information and the data collector 38 re- 
trieves the information at certain intervals. The operational information of the 
components 32, 33, 34 and 35 is stored in the registers 40 in the data collector 
38. The data collector 38 transmits the operational information onward to an 



analyzing module (AM) 41 of the collecting system that is arranged to deter- 
mine the performance of the closed system on the basis of the operational in- 
formation. The performance of the closed system is determined by comparing 
for instance the number of incoming clock pulses of a component with the 
number of clock pulses during which the component executes a function. This 
information can then be compared with the information of the other compo- 
nents to find out, for instance, whether a component waits for the action of an- 
other component for too long. The result of the determination of the perform- 
ance carried out by the analyzing module 41 is analysis infonnation, which can 
be used to define the properties of the ASIC circuit 31 . such as internal func- 
tions, latencies and adaptation conflicts. It is possible to accurately monitor the 
performance of the ASIC circuit 31 on the basis of the analysis information. 

[0025] Because the analyzing module 41 has a bus interface to the 
processors, the analysis information is available to the processors anytime. 
The measuring signal 39 and analyzing module 41 quantities can usually be 
selected during implementation. The operation of the analyzing module 41 can 
preferably be programmed at run time. 

[0026] The analyzing module 41 is further arranged to transmit 
analysis information to a controlling module (CM) 42 comprising a control algo- 
rithm. The controlling module 42 is arranged to optimize the performance of 
the ASIC circuit 31 by controlling on the basis of the analysis infonmation the 
parameters affecting the distribution of the operating capacity of the compo- 
nents 32, 33, 34 and 35 of the ASIC circuit 31, for example. The operation of 
the controlling module 42, too, can preferably be programmed at run time. 

[0027] The analysis information can also be used for the re- 
programming of the program, for instance. Performance can be optimized by 
running the processor at a lower clock frequency, for instance. 

[0028] The operation of the applications (A) 44 of electronic devices 
is based on the operation of the operating system (OS) 43 of the electronic 
device. The operating system is preferably functionally connected to the con- 
trolling module 42, as a result of which the resource consuniption caused by 
the operation of the applications 44 can be determined and controlled in ac- 
cordance with the invention. 

[0029] The instruments 37 can also be implemented as conductors 
between the components 32, 33, 34 and 35 being monitored and the data col- 
lector 38. The instruments 37 do not necessarily need to be directly connected 
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to the component 32, 33, 34 and 35 being monitored, but it can reside any- 
where as long as it is functionally connected to the component 32, 33, 34 and 
35 being monitored. The data collector 38, too, can be implemented inside or 
outside the closed system 31 as long as it is functionally connected to the in- 
struments. In addition, one data collector 38 can collect the operational infor- 
mation on the components of several different closed systems. According to a 
preferred embodiment, the system collects the operational information of the 
closed system in order to determine and adjust the power consumption of the 
system. The analyzing module determines by means of the operational infor- 
mation, such as clock pulses, of the components for instance the operating 
frequencies of the components, which further help in determining the power 
consumption of the closed system. On the basis of the analysis information, it 
is possible to control the power consumption of the system. 

[0030] By means of the above system for collecting operational in- 
formation on a closed system, it is possible to implement a method for collect- 
ing the operational information on the closed system 31. According to one pre- 
ferred embodiment of the method, operational infomriation is collected from the 
monitorable components 32, 33, 34 and 35 of the closed system by means of 
the instruments 37 connected functionally to the components. The instruments 
37 transmit the operational information onward to the data collector 38 where it 
is stored in at least one register 40. The operational information of the monitor- 
able components 32, 33, 34 and 35 is transmitted to the analyzing module 41 
that determines the performance of the closed system 31 on the basis of the 
received operational information of the components 32, 33, 34 and 35. 

[0031] According to another preferred embodiment, a controlling 
module 42 can be functionally connected to the analyzing module 41 , whereby 
the performance of the closed system 31 can be adjusted on the basis of the 
analysis information received from the analyzing module 41 . 

[0032] The method and system of the invention provide a reliable, 
fast and easily implemented way of collecting operational information on a 
closed system and of adjusting its performance. The collecting system makes 
it possible to improve the efficiency of performance and thus reduce energy 
consumption and the operating voltage of an electronic device. Because the 
system can be used already during the design stage, design-stage measures 
can be taken as necessary to improve the reliability of the electronic device 
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and achieve cost savings. In addition, the collecting system and method can 
be used in the finished end product at run time. 

[0033] Hardware implementation of the collecting systems and 
methods of the invention is minimal and simple, since all high-level definition 
and control functions can be implemented by software. 

[0034] The system of the invention for collecting operational infor- 
mation has two different purposes of use. In a system analysis, i.e. verification, 
made during research and product development, the system can be used to 
collect the operational information of a closed system, such as ASIC, during 
software operation. The collecting system makes it possible to determine la- 
tencies, possible hot spots and bottlenecks generated by the closed system 
and caused by software operation. Finding possible problems early facilitates 
the design and improves the reliability of the end product. The second purpose 
of use is the determination of the performance of a finished electronic device at 
run time by means of the analyzing module 41 and the adjustment of the per- 
formance as necessary by means of a control algorithm in the controlling mod- 
ule 42. 

[0035] The implementation of the new collecting system in a closed 
system and its integration as part of the software analysis tools provides a 
software designer the possibility to quickly and effortlessly detect the impact of 
an application on the operation of the closed system. The designer can enter 
parameters for the analysis when determining the processor load caused by 
the software and the software performance. In other words, a software de- 
signer can easily detemiine if the software module exceeds the limitations set 
on software design. 

[0036] The above describes a system and method for collecting op- 
erational information on a closed system and for determining its performance. 
The collecting and adjusting functions can preferably be provided by a soft- 
ware product adapted to the electronic device that can comprise a software 
code for receiving the execution frequency of the operational modes of the 
components being monitored and for determining the performance and/or 
power consumption of the closed system on the basis of the received opera- 
tional information of the components being monitored, and a software code for 
adjusting the performance and/or power consumption of the closed system on 
the basis of analysis information received from an analyzing module 41, a soft- 
ware code for programming the operation of the analyzing module 41 at run 
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time and/or a software code for controlling the operation of a controlling mod- 
ule 42 at run time. 

[0037] It is obvious to a person skilled in the art that while the tech- 
nology advances, the basic idea of the invention can be implemented in many 
different ways. The invention and its embodiments are thus not restricted to the 
examples described above, but can vary within the scope of the claims. 



